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The present invention relates to a method of producing, 
in gaseous form and under high pressure, at least one 
fluid chosen from oxygen, argon and nitrogen, in which 
method air is distilled, the said fluid is brought in 
5 the liquid state to the high pressure, it is vaporized 
and warmed at this high pressure in the heat exchange 
line of the installation. 

In the present specification, "high pressure" means a 
10 pressure greater than 10 bar in the case of oxygen, 
argon and nitrogen, and "blower" means a compressor 
having a single compression stage. Furthermore, the 
pressures in question are absolute pressures. 

15 When producing oxygen, these methods, called "pumped" 
methods, have the advantage of dispensing with the 
oxygen compressor, which is a costly machine, poses 
serious reliability problems and has high maintenance 
costs. 

20 

EP-A-0 504 029 describes a method in which all the air 
is compressed to a high pressure in a blower, a portion 
of the high-pressure air is expanded in a Claude 
turbine (that is a Claude turbine which discharges into 
25 the medium-pressure column) and the rest of the air 
exchanges heat with the liquid oxygen in the process of 
vaporizing in the exchange line. 

In this type of unit, it is desirable to have a means 
30 of preventing the inlet of the turbine becoming too 
cold, for example in the event of change of operation. 

FR-A-2 688 052 describes a method in which: 

- air in the process of cooling in the heat exchange 
35 line is extracted from the latter at an intermediate 

temperature close to the vaporization temperature of 

the said fluid, or to its pseudo-vaporization 

temperature if the high pressure is supercritical; 

- this air is compressed in a blower; 
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- it is reintroduced into the heat exchange line and at 
least one expansion of a cycle gas is effected in a 
turbine . 



5 EP-A-0 644 388 describes a method in which a portion of 
the air is compressed to the medium pressure and sent 
into the medium-pressure column of a double column 
while the rest of the air is supercharged at ambient 
temperature. A portion of the supercharged air is then 
10 compressed in a cold supercharger. 

During the start-up of the units according to 
EP-A-0 644 388 and FR-A-2 688 052, the air extracted 
from the heat exchange line is at the inlet of the 

15 blower at ambient temperature due to the fact that 
there are very few cold gases that warm up in the 
exchange line. Following compression, it returns to a 
temperature that may be as high as 120°C, compared with 
the temperature of approximately -120°C when the unit 

20 is in stable operation. This may damage the exchange 
line, which is not designed to withstand such high 
temperatures . 

An aim of the invention is to allow rapid start-up of 
25 the unit without risk of damage to the exchange line. 

It is one object of the invention to provide a method 
of producing, in gaseous form and under high pressure, 
at least one fluid chosen from oxygen, argon and 

30 nitrogen in an air separation unit, in which all the 
air intended for distillation is compressed in a 
compressor, the compressed air is purified, at least a 
first portion of the air is supercharged to a high 
pressure, the compressed and purified air is sent into 

35 a heat exchange line of the installation where it 
cools, the compressed, purified and cooled air is 
separated in a system of columns of the installation 
comprising at least one distillation column, a fluid is 
withdrawn in the liquid state from one column of the 
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system of columns, the said fluid in the liquid state 
is brought to the high pressure, it is vaporized by 
heat exchange with the air and the vaporized liquid at 
this high pressure is warmed in the heat exchange line 
5 of the installation, at least one portion of the 
supercharged air is expanded in an expansion turbine 
from the high pressure to a second pressure, the 
expanded air then being sent into one column of the 
system of columns, in normal operation the supercharged 

10 air being cooled down to the inlet temperature of the 
turbine in the exchange line upstream of the expansion 
turbine, characterized in that, during start-up of the 
air separation unit and/or in order to regulate the 
inlet temperature of the turbine, at least one portion 

15 of the air. supercharged to the high pressure is sent 
upstream of the expansion turbine without passing 
through the exchange line. 

The word "oxygen" covers fluids containing at least 
20 60 mol% oxygen, in preference at least 80 mol% oxygen, 
the word "argon" covers fluids containing at least 
90 moll argon, in preference at least 95 mol% argon and 
the word "nitrogen" covers fluids containing at least 
80 moll nitrogen, in preference at least 90 moll 
25 nitrogen. 

According to other optional features: 

- at least one portion of the air in the process of 
cooling in the heat exchange line is extracted from 

30 the latter at an intermediate temperature of the 

exchange line; 

- the said fluid in the liquid state is brought to the 
high pressure between 5 and 50 bar, in preference 
between 10 and 50 bar; 

35 - the air is supercharged at the intermediate 
temperature in a cold blower to the high pressure; 

- the supercharged air is reintroduced into the heat 
exchange line; 



a first portion of the supercharged air is sent into 
one column of the system of columns and a second 
portion of the supercharged air is sent into an 
expansion turbine, the expanded air then being sent 
into one column of the system of columns; 
during start-up of the installation and/or when the 
inlet temperature of the turbine falls below a 
predetermined threshold and/or during a change of 
operation, at least one portion of the air extracted 
from the exchange line and supercharged in the cold 
blower is sent upstream of the expansion turbine 
without passing through the exchange line; 
all the incoming air in the process of cooling is 
extracted, is supercharged in the cold blower and 
reintroduced into the exchange line; . 

during start-up of the installation, all the air 
extracted from the exchange line and supercharged in 
the cold blower is sent upstream of the expansion 
turbine without passing through the exchange line; 
when the temperature of the air supercharged in the 
cold blower is reduced to a predetermined temperature 
or after a predetermined time, no more supercharged 
air is sent upstream of the expansion turbine without 
passing through the exchange line; 

the inlet temperature of the cold blower is lower 
than the inlet temperature of the expansion turbine; 
at least one portion of the air is compressed to the 
high pressure, the air at the high pressure is sent 
into the hot end of the exchange line, a portion of 
the air is extracted from the exchange line at an 
intermediate temperature and expanded in the turbine 
and the rest of the air continues its cooling in the 
exchange line and in which, during start-up of the 
installation and/or if. the inlet temperature of the 
turbine . falls below a predetermined threshold and/or 
in the event of a change of operation, air is sent 
directly from the supercharger into the inlet of the 
turbine without having been cooled in the exchange 
line; . 
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- all the air is compressed in the compressor and the 
supercharger to the high pressure; and 

- only a portion of the air is supercharged in a 
supercharger to the high pressure. 

5 

It is another object of the invention to provide a 
method of producing, in gaseous form and under high 
pressure, at least one fluid chosen from oxygen, argon 
and nitrogen, in which method, in stable operation, air 

10 is compressed in a compressor, the compressed air is 
purified and sent into a heat exchange line of the 
installation in which it is cooled, the compressed, 
purified and cooled air is separated in a system of 
columns of the installation comprising at least one 

15 distillation column, a fluid is withdrawn in the liquid 
state from one column of the system of columns, the 
said fluid is brought in the liquid state to the high 
pressure, vaporized by heat exchange with air and the 
vaporized liquid is warmed at this high pressure in the 

20 heat exchange line of the installation: 

- a flow of compressed nitrogen in the process of 
cooling in the heat exchange line is extracted from 
the latter at an intermediate temperature of the 
exchange line; 

25 - the nitrogen is supercharged at the intermediate 
temperature in a cold blower up to the first 
pressure; 

- the supercharged nitrogen is reintroduced into the 
heat exchange line; 

30 -a first portion of the supercharged nitrogen is sent 
into one column of the system of columns and a second 
portion of the supercharged nitrogen is sent into an 
expansion turbine, the expanded nitrogen then being 
sent into one column of the system of columns; 
35 characterized in that, during start-up of the 
installation and/or when the inlet temperature of the 
turbine falls below a predetermined threshold and/or 
during a change of operation, at least one portion of 
the nitrogen extracted from the exchange line and 
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supercharged in the cold blower is sent upstream of the 
expansion turbine without passing through the exchange 
line. 

5 It is another object of the invention to provide an 
installation for producing, in gaseous form and under 
high pressure, at least one fluid chosen from oxygen, 
argon and nitrogen, of the type comprising a system of 
air distillation columns, a supercharger to supercharge 

10 at least one portion of the supply air or of cycle gas 
up to a high pressure, a heat exchange line bringing 
the incoming air and the fluids withdrawn from the 
system of columns, including the said . fluid (s) in 
liquid form withdrawn from the distillation unit and 

15 compressed by a pump, into heat exchange relationship 
and a turbine the inlet of which is linked to the 
outlet of the supercharger by means that pass through 
the heat exchange line and is characterized in that the 
turbine inlet is also linked to the outlet of the 

20 supercharger by means that do not pass through the heat 
exchange line. 

According to other optional aspects, the installation 
comprises : 

25 - a cold blower, means for supplying this cold blower 
with air or a cycle gas in the process of cooling 
taken at an intermediate temperature level from the 
heat exchange line, means for reintroducing the 
supercharged air or the supercharged cycle gas into 

30 passages of the heat exchange line that are linked to 

the turbine, the turbine inlet also being linked to 
the outlet of the cold blower by means that do not 
pass through the heat exchange line; 

- means for sending all the air intended to be 
35 distilled to the cold blower; 

- means for detecting the temperature of the air or of 
the cycle gas entering the turbine or leaving the 
cold blower upstream of the heat exchange line; 
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- means for opening and closing the lines linking the 
inlet of the turbine with the outlet of the cold 
blower while passing through the passages of the 
exchange line and without passing, through the 

5 passages of the exchange line; 

- the turbine inlet is linked to the outlet of the cold 
blower by means that do not pass through the heat 
exchange line and that do not comprise cooling means; 
and 

10 - means for compressing all or some of the air intended 
for distillation to the high pressure upstream of the 
exchange line and means for sending the air at the 
high pressure from the supercharger as far as the hot 
end of the exchange line. 

15 

If a hot supercharger is used, in preference the 
turbine inlet and the supercharger outlet are linked 
via cooling means. 

20 The air sent into the supercharger may consist of at 
least one portion of the incoming air in the process of 
cooling . 

Optionally: 

25 - the said cycle gas consists of nitrogen reintroduced 
into the heat exchange line, which is extracted from 
the latter at an intermediate temperature below the 
inlet temperature of the turbine; 

- moreover, oxygen, argon or nitrogen is produced at an 
30 intermediate pressure by pumping and vaporization- 
warming in the heat exchange line, the intermediate 
pressure allowing vaporization by condensation of a 
gas flowing in this heat exchange line. 

35 It is another object of the invention to provide a 
method of producing, in gaseous form and under high 
pressure, at least one fluid chosen from oxygen, argon 
and nitrogen, in which, in stable operation, air is 
compressed in a compressor, the compressed air is 
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purified and sent into a heat exchange line of the 
installation in which it is cooled, the compressed, 
purified and cooled air is separated in a system of 
columns of the installation comprising at least one 
5 distillation column, a fluid is withdrawn in the liquid 
state from one column of the system of columns, the 
said fluid in the liquid state is brought to the high 
pressure, vaporized by heat exchange with air and the 
vaporized liquid at this high pressure is warmed in the 
10 heat exchange line of the installation: 

- at least one portion of the air in the process of 
cooling in the heat exchange line is extracted at an 
intermediate temperature from .the latter; 

- the air is supercharged at the intermediate 
15 temperature in a cold supercharger; 

- the supercharged air is reintroduced into the heat 
exchange line; and 

- a first portion of the supercharged air is sent into 
one column of the system of columns and a second 

20 portion of the supercharged air is sent into an 

expansion turbine, the expanded air then being sent 
into one column of the system of columns; 
characterized in that all the air intended for 
distillation is supercharged in the cold supercharger. 

25 

In preference, the inlet temperature of the turbine is 
hotter than the inlet temperature of the cold 
supercharger . 

30 Exemplary embodiments of the invention will now be 
described with regard to the appended drawings, in 
which Figures 1, 2 and 3 schematically represent 
installations for producing -gaseous oxygen under 
pressure according to the invention. 

35 

The air distillation installation represented in 
Figure 1 comprises essentially an air compressor 1, an 
air purification unit 2, a turbine-supercharger set 3, 
comprising an expansion turbine 4 and a supercharger 5 
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the shafts of which are coupled together, a heat 
exchanger 6 constituting the heat exchange line of the 
installation and of which the cold portion serves as a 
subcooler; a double distillation column 7 comprising a 
5 medium-pressure column 8 and a low-pressure column 9, 
with a condenser-reboiler 10 bringing the overhead gas 
from the medium-pressure column and the bottom liquid 
from the low-pressure column into heat exchange 
relationship; a liquid oxygen tank 11 the bottom of 
10 which is linked to a pump 12; and a liquid nitrogen 
tank 13 the bottom of which is linked to a pump 14. 

This installation is intended to deliver, via a line 
15, gaseous oxygen under high pressure, which may be 
15 between 5 and 50 bar abs, in preference between 10 and 
50 bar abs. 

For this, the liquid oxygen withdrawn from the bottom 
of the column 9, via a line 16, and stored in the tank 
20 11, is brought to the high pressure by the pump 12 in 
the liquid state, then vaporized and warmed at this 
high pressure in passages 17 of the exchanger 6. 

All the air to be distilled is compressed by the 
25 compressor 1 to a pressure higher than the pressure of 
the medium-pressure column 8 but lower than the high 
pressure. Then the air precooled at 18 and cooled to 
close to ambient temperature at 19 is purified in one 
of the adsorption bottles and all supercharged to the 
30 high pressure by the supercharger 5, which is driven by 
the turbine 4 . 

All the supercharged air is cooled by a water cooler 47 
and in normal operation sent through the valve V2, 
35 which is open, to the hot end of the exchanger 6, the 
valve VI remaining closed. The air is cooled in the 
exchanger 6 and a portion of the air at an intermediate 
temperature is expanded in the turbine 4 before being 
sent into the medium-pressure column 8. The rest of the 
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air is cooled in the exchanger 6 as far as the cold end 
and is sent into the low-pressure column and/or to the 
medium-pressure column . 

5 If the inlet or outlet temperature of the turbine 4 
becomes too low following the start-up or a change of 
operation, the valve VI is opened, and at least one 
portion of the supercharged and cooled air passes 
directly to the inlet of the turbine 4 without passing 
10 via the exchanger 6. This prevents damaging the 
turbine . 

Once the temperature of the turbine has been 
re-established, the valve VI closes again and all the 
15 air passes to the hot end of the exchanger. 

The installation represented in Figure 2 is intended to 
produce gaseous oxygen under high pressure, for example 
between 10 and 50 bar, in particular around 40 bar. It 

20 comprises essentially a double distillation column 7 
consisting of a medium-pressure column 8, operating at 
approximately 6 bar, and a low-pressure column 9, 
operating under a pressure slightly higher than 1 bar, 
a heat exchange line 6, into which a subcooler is 

25 integrated at the cold end, a liguid oxygen pump 12, a 
cold blower 5A and a turbine 4 the rotor of which is 
mounted on the same shaft as that of the cold blower 
and of an oil brake 49. 

30 Recognizable in the drawing are the conventional lines 
of the double column, that is a line 23 for "rich 
liquid" (air enriched with oxygen) collected in the 
bottom of the column 8 which rises to an intermediate 
point of the column 9, after subcooling at 6 and 

35 expansion to the low pressure in an expansion valve; a 
line 24 for "lean liquid" (almost pure nitrogen) 
withdrawn from the top of the column 8, which liquid 
rises to the top of the column 9, after subcooling at 6 
and expansion to the low pressure in an expansion 
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valve, and a line 26 for production of impure nitrogen, 
constituting the waste gas of the installation, this 
line passing through the subcooler at 6 then connecting 
to nitrogen warming passages 28 of the exchange line 6. 
5 The impure nitrogen thus warmed to ambient temperature 
is discharged from the installation via a line 29. 

The pump 12 draws in the liquid oxygen under 
approximately 2 bar originating from the bottom of the 
10 column 9, takes it to a pressure higher than the 
desired production pressure, for example 40 bar, and 
introduces it into oxygen vaporization-warming passages 
17 of the exchange line. 

15 The air to be distilled, compressed, cooled and 

purified in conventional manner, arrives at 

approximately 16.5 bar via a line and enters air 
cooling passages 30 of the exchange line 6. 

20 In stable operation, a portion of this air at an 
intermediate temperature Tl, less than ambient 
temperature and close tp the oxygen vaporization 
temperature VT (or pseudo-vaporization temperature if 
the production pressure of the oxygen is 

2 5 supercritical ) , is extracted from the exchange line via 
a line 37 and brought to the intake of the cold blower 
5A. The latter takes this air to 26 bar and, via a line 
39, the air thus supercharged is returned to the 
exchange line 6, at a temperature T2 higher than Tl, 

30 and continues its cooling in supercharged-air passages 
of the latter. A portion of the air carried by the 
passages is again extracted from the exchange line at a 
second intermediate temperature T3 higher than Tl via 
the line 41 and expanded to medium pressure (6 bar) in 

35 the turbine 4. The air in two-phase form that escapes 
from this turbine may be sent into a phase separator or 
is sent directly to the bottom of column 8. 
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The air conveyed by the line 43 and not diverted by the 
line 41 continues its cooling in the exchange line and 
leaves it upstream of the subcooler. It is then 
expanded to the medium pressure in an expansion valve 
5 27 and sent into the distillation columns, in 
particular to the bottom of the column 8. The blower 5A 
that performs the supercharging is driven by the 
turbine 4, so that no external energy is necessary. The 
amount of refrigeration produced by this turbine may be 

10 slightly greater than the heat of compression, and the 
excess amount helps to keep the installation in 
refrigeration. The remainder or all of the 
refrigeration may be supplied by expansion of air or 
nitrogen to the medium pressure in another turbine (not 

15 illustrated) . 



As a further variant, the or each cold blower may 
compress a gas other than the air flowing in the heat 
exchange line, in particular the cycle nitrogen 
20 previously warmed up to ambient temperature, compressed 
and in the process of cooling. 

Here the installation produces liquid oxygen in the 
tank 11. 

25 

The installation comprises a valve VI in a line 4 5 
linking the outlet of the blower 5A and the line 41 
bringing the air to the inlet of the turbine 4 and a 
valve V2 in the line 39 linking the outlet of. the 
30 blower 5A and the inlet of the exchanger of the 
line 39. 



At start-up of the installation, the air to be 
distilled arrives at approximately 16.5 bar and enters 
35 air cooling passages 30 of the exchange line. 



The air (or where necessary a portion of the air) is 
extracted from the exchange line via a line 37 at a 
temperature which may reach 90°C and is brought to the 
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intake of the cold blower 5A. The latter supercharges 
this air to between 20 and 26 bar and a temperature 
that may reach as high as 120°C, the valve VI being 
open and the valve V2 closed, the compressed air is 
5 sent via the lines 45, 41 directly to the inlet of the 
turbine 4 without cooling in the exchange line 6. The 
expanded air is then sent into the bottom of the 
medium-pressure column 8. Alternatively or 

additionally, at the start of operation, temperature 

10 measurement means detect whether the inlet temperature 
of the turbine 4 and/or the temperature at the outlet 
of the blower of the air originating from the blower 5A 
falls below a predetermined threshold and, if the 
temperature is low enough, the valve V2 opens and the 

15 valve VI closes so that the supercharged air at 5A is 
sent into the line 39, then to the exchange line 
before being divided into two and sent in part to the 
turbine 4 and in part to the bottom of the medium- 
pressure column 8. This arrangement of the valves 

20 corresponds to the stable operation. 

Alternatively, the closure of the valve VI and the 
opening of the valve V2 may be initiated a certain time 
after the primary compressor is started up. 

25 

The valves VI, V2 may also have the same operation as 
in Figure 1, that is, if the inlet temperature of the 
turbine and/or the outlet temperature of the blower 
become (becomes) too low, hot air can be sent into the 
30 turbine by opening the valve VI so that the air passes 
directly from the blower to the turbine through . the 
line 45. 

Control of the bottom level (LIC) of the medium- 
35 pressure column 8 or the low-pressure column 9 can be 
achieved by acting on the speed of the turbine 4 via an 
SIC (speed indicator and controller) . The speed of 
rotation may also be set so that the installation 
operates with excess cooling power. The excess 
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refrigeration is eliminated by any liquid line 
(nitrogen, oxygen or argon line) of the cold box, for 
example by opening the valve V3 . The liquid line must 
have an automatic valve the opening and closing of 
5 which are linked to bottom level thresholds of the low- 
pressure column 9. 

As described in US-A-5 475 980, the Claude turbine 4, 
and possibly the cold blower 5A, may be coupled to an 
10 energy adsorption device other than an oil brake 49, 
such as an alternator or a generator. 

The examples in Figures 1 and 2 describe the 
vaporization of oxygen in the exchange line but the 
15 invention applies equally to cases in which liquid 
nitrogen or liquid argon vaporizes in the exchange line 
instead of or with the liquid oxygen. 

The invention applies equally to the case in which only 
20 a portion of the air is supercharged as is seen in 
Figures 6, 8, 10 and 11 of EP 504 029 and in 
EP-A-0 644 388 and FR-A-2 688 052. 

In Figure 3, a medium-pressure nitrogen cycle supplies 
25 the refrigeration required for the separation. 

The liquid upflows 23, 24 into and the production 
streams 15, 29 of the low-pressure column 9 are 
identical to those previously described. 

30 

Air compressed to the medium pressure is purified and 
then cools in the exchange line 6 before being sent 
into the medium-pressure column 8. 

35 Medium-pressure nitrogen is withdrawn from the top of 
the medium-pressure column 8, warmed in. the exchange 
line 6 as far as the hot end and' then compressed in a 
compressor 54 . Some or all of the compressed nitrogen 
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is cooled by a cooler 47 and re-enters the exchange 
line . 

The nitrogen returned to the exchange line leaves the 
5 latter at an intermediate temperature to be 
supercharged in a supercharger 5B coupled to the same 
shaft as a turbine 5B . 

In normal operation, a valve V2 is open in a line 39 
10 that brings the supercharged nitrogen into the exchange 
line, where it is cooled, and the valve VI in a line 45 
is closed. 

At the moment of start-up and/or during changes of 
15 operation and/or to regulate the inlet temperature of 
the turbine, the valve VI opens and the valve V2 closes 
so that the nitrogen compressed in the supercharger 5B 
arrives at the inlet of the turbine 4B without having 
been cooled in the exchange line. It is also possible 
20 to adjust the valves so that a portion of the 
supercharged nitrogen arrives at the inlet of the 
turbine after cooling in the exchange line, whereas the 
rest of the supercharged nitrogen arrives at the inlet 
of the turbine 4B without cooling. 

25 

The system of columns may comprise a single column, a 
double column or a triple column with or without an 
argon mixture column, a mixing column or any other type 
of column for separating an air gas. 

30 



